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ABSTRACT 
The corrosion behaviour of a low alloy steel in 18% H2S04 solution, containing 1000 ppm 
chloride ion, after annealing and stress relieving is reported in this study. Annealing, followed 
by stress relieving at  400°C, appears to improve the corrosion resistance properties of this 
alloy. 
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INTRODUCTION 
L ow alloy steels, fall under the carbon-steel group and have carbon content in the range of 0.15-0.20% with alloying elements like, Ni, 
Cr, Cu, W, Si, Al, etc. in lower concentrations. Such an alloy reveals 
high strength to weight-ratio and finds applications in mining industries 
and ropeways. 
They have also been reported to reveal higher corrosion-rtsistpce 
than mild steels, in some applications. However, the reason behindthe 
lower corrosion rates, is not clearly known. Reports regarding the corro- 
sion behaviour of low alloy steels, in presence and absence of chloride 
ions, after stress relieving treatment are very few, although extensive 
work [l  - 91 have been reported, correlating microstructure with corro- 
sion rates and film thickness for different compositions. 
This investigation analyses the corrosion behaviour of a low alloy steel 
as a function of annealing and stress-relieving process, using poten- 
tiodynamic and potential vs time data and corrosion-rates based on 
weight-loss technique. Rockwell hardness values and S.E.M. photo- 
micrographs are also presented. 
EXPERIMENTS 
a) Materials 
Low alloy steel specimens having the following percentage composi- 
tions were used; C=0.15%, Mn=0.44%, Ni=0.7%, Cr=0.57%, 
Cu=0.09%, Pb and Sb traces. Rectangular specimens of identical sur- 
face area, are employed for the electrochemical studies. Material com- 
position is determined by atomic absorption spectro photometric 
method. 
(b) Procedure 
(i) Corrosion-rate: Rectangular specimens of identical surface area of 
1 cms, polished with extra fine emery paper and degreased with 
trichloroethylene, are immersed in 100 ml. of 18% H2S.o4 solution, for 
a period of 1 hour. The corroded specimens are cleaned in clark's solu- 
tion and the weight loss values are determined. 
(ii) Heat treatment: The specimens of low alloy steels are annealed at 
910 f 50°C, in an inert atmosphere. The soaking period, employed in 
the annealing process is at the rate of 1 hrlsq. inch cross-sectional area. 
Annealed specimens are stress relieved at 400°C, for different periods in 
a horizontal muffle-furnace, under controlled environment. 
(iii) Micro-examination and hardness: M~crostructure is studied in both 
metallurgical and scanning electron microscope. Hardness values are 
determined in Rockwell hardness testing machine. 
(iv) ELctrochual  tests: The specimens are anodically polarized, using 
the potential sweep cyclic voltammetric-technique at a scan-rate of 50 
mVlsec and the potential-current values are recorded. Potentials are 
recorded, using micro voltmeter with respect to HglHgS04 in 18% 
H2S04 solution, as a function of time. 
RESULTS AND DISCUSSION 
Table 1 reveals the effect of annealing and stress relieving heat treat- 
ment on the physical and chemical properties of the low alloy steel. 
Stress relieving at 400°C for 15 hours, decreases the weight-loss corro- 
sion-rate values in 18% H2S04 solution. The potentials become more 
positive, after annealing, followed by stress relieving in 18% &So4 sol- 
ution, both in presence and absence of 1000 ppm chloride icin. The cor- 
responding corrosion currents have been reduced considerably, which 
Table I: Effect of heat treatment on the physical and chemical 
properties of the low alloy steel 
sl. Treat- Hard- Corro- Potential at Current at passive 
No. ment ness sion rate passive trans- transpassive tran- 
(Rc) x 1 W  passive tran- sition (mA) 
(glsq. sition (mV) 
crn2Fr.) ' 
18% 18% 18% 18% 
H2S04 H2S04 H2S04 H2S04+ 
+ 1000 1000 
PPm PPm 
chloride chloride 
2. Annealed 51 + 1 4.08f 1300 1310 50 102 
a t9 lOf  0.05 




for 15 hrs 
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Table 11: Effect of t ime on potential vs time, microstructure and 
hardness of the annealed and stress-relieved specimens 
(18% H2S04 + 1000 ppm chloride) 
Fig. 2 
.-I 3 ?: I 
S.E.M Photographs 
Fig. 1 
4 Bulletin of Electrochemistry Vol. 2 No. 1, Jan.-Feb. 1986. 
Mukherjee eta1 - Stress relieving to improve corrosion resistance 
CONCLUSION 2. H J Cleary and N D Greene, Corrosion Sci, 7 (1967) 821 
3. H J Cleary and N D Greene, Corrosion Sci, 9 (1969) 3 In conclusion, stress relieving of annealed specimens of low alloy steel, 
appears to improve the corrosion resistance, at the cost of marginal 4. W P Bank and J D Su$bury, Corrosion, 19 (1963) 20 1 
reduction in hardness. 5. J G Hines and R C Williams, Corrosion Sci, 4 (1964) 201 
A~knowlc+dgement 6. N Krithivasan, T Tourn, S Haruyawa, Trans SAEST, 16 (1981) 1 
7. M Abdul Aal and M A Wadhan, Tram SAEST, 16 (1981) 11 
Thanks are due to Dr. K. Balakrishnan, Head of the Division of Corro- 
sion Scienceand Engineering, C.E.C,R.I., for constructive suggestions. 8. ChOudhur~ ,  RJana and GhOsh, ChemicalAge o/ 
India, 30 (1979) 233 
REFERENCES 9. A A Azim and S H Saud, Corrosion Sri, 12 (1972) 313 
I. M E Kom, H E Trout, Corrosion, 24 (1 1) (1968) I1 
/' 
Bulletin of Electrochemistry Vol. 2 No. 1, Jan.-Feb. 1986 5 
